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Silica granuloma, long an unrecognized entity,
is now attracting an increasing amount of atten-
tion. Case reports and studies throughout the
world (1—9) make it evident that silica is the
cause of a significant number of foreign body
reactions. It is the purpose of this paper to pre-
sent a theory as to how silica-containing materials
may initiate granuloma formation. Before pre-
senting our experimental data, we would like
to review, first, what is known about the silica
granuloma and, second, what is known about
silica.
I. What Is the Silica Granuloma?
In 1917, Shattuck grasped the essential fea-
tures of the silica granuloma when he presented
the first case report (1). We still find that the
silica granuloma
(1) appears at a site where foreign material
containing silica is introduced, usually as a result
of an injury.
(2) appears as localized nodules after a com-
pletely asymptomatic latent period, the duration
of which is measured in years.
(3) appears histologically as an epithelioid
granuloma, thus simulating tuberculosis or sar-
coidosis.
All this was clearly perceived by Shattuck and
neatly summarized in Latin in his account before
the Royal Society of Medicine. His title "pseudo-
tuberculoma silicoticum" was obviously well
chosen.
Down through the years, case after case has
been reported with a filling in of details, but with
no change in the picture as sketched by Shattuck.
We now realize that the following foreign bodies
may cause the reaction:
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brick kaolin
cement rock
debris from land sand
mine explosion slate
dirt silica
flint sodium silicate
gravel talc
Through all these runs the common thread of
silica. Clinically the silica granuloma may appear
as any type of pigmented or non-pigmented
growth in the skin. Commonly the lesion is a
solitary nodule on the forehead, lip or elbow at
the site of an old injury. In the case of explosions,
large areas of skin may develop multiple coalesc-
ing, variably-sized, firm papulcs and nodules.
The regional lymph nodes may also be enlarged
(5).
Shattuck's patient experienced a latent period
of ten years between the injury and the appear-
ance of the granulomas. Although the spectrum
of latency has now been shown to range from six
months to 59 years (9), ten years remains a rep-
resentative average duration. During this time
the skin appears normal except for possible pig-
mcntary changes from the superficial deposition
of colored material in the skin. Once the palpable
lesions appear, they may show continued growth
for many months, but apparently later undergo
slow, spontaneous, gradual resolution over a
period of a year or two. It is to be noted that
young and old, both men and women, have de-
veloped silica granulomas.
Histologically the silica granuloma has been a
focal point of interest because it may so closely
resemble the epithelioid granuloma of sarcoidosis.
However, the constant distinguishing feature of
silica granuloma is the fact that it is a foreign
body granuloma. One sees the anisotropic
crystals under polarizing light and indeed gritty
foreign material may be sensed by the cutting
blade of the microtome. The epidermis remains
normal and intact. Throughout the dermis one
sees masses or islands of epithelioid cells as well
as many variegated giant cells. These cells may
he vacuolated or contain asteroid bodies. Lym-
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phocytes are seen scattered throughout, but they
are a lesser finding. The foci of epithelioid cells
replace the connective tissue except for residual
septa. Reticulum fibers are abundant but elastic
tissue is sparse. In brief, the pattern is that of a
non-easeating tuberculoid granuloma, but always
here the pathologist finds evidence of the silieious
foreign body. The regional lymph node may
show an entirely similar epithelioid granuloma,
replacing the lyrnphoid tissue.
Special studies of the tissue are occasionally of
value. These include mieroineineration-acid tech-
nique for the silica ash demonstration, speetro-
scopie chemical examination for silica, crystal-
lographic analysis, silica determination, and
electron microscopy. Generally, however, foreign
material, the anisotropic crystal, and the giant
cell activity have been the pathologist's best
guides in identification of this type of foreign
body granuloma.
Having briefly reviewed the clinical silica
granuloma, let us see what has been done experi-
mentally. Gardiner and Cummings (10) were the
first to study the effects of silica injections into
animal skin. Using quartz particles 1 to 3 micra
in size, they found very little granuloma reaction.
However, in 1935, Fallon and Banting (11, 12) in
a similar study, but using a 2—3% suspension of
more finely powdered quartz crystals, were able
to present an exquisitely detailed temporal
analysis of silica granuloma formation in the sub-
cutaneous tissue of the rabbit's ear. Within one
hour polymorphonuelear leukocytes were present
in abundance. Interestingly, these cells have re-
cently been shown by Page and Good (13) to be
necessary for the subsequent development of
macrophages. By six hours monoeytes had ap-
peared and within the week they outnumbered
the polymorphonuclear cells. By 11 days, sheets
of histiocytes were found in addition. These
histiocytes were the predominant part of the
cytologic picture by three %veeks. They presented
an epithelioid pattern, still persistent, at 9 and
16 weeks. By seven months there was some regres-
sion of the cellular response so that spindle-
shaped cells and many clear intercellular spaces
were predominant. Fallon and Banting also in-
ected fine particles of the element silicon itself.
These appeared in the tissue as black puncta, but
elicited no reaction and in this sense mimicked
the India ink tattoo. Finally, studying a silicate
mineral, sericite, they found that it could elicit a
foreign body granuloma in which the serieite
fibres could be plainly seen in the giant cells. They
underscored the fact that, although silica particles
could be seen in the micro-incineration ash, only
large particles of silica were doubly refractile as
viewed in regular histologic sections. Small par-
ticles of silica showed no anisotropism.
By 1937, Gardiner (14), in a now much quoted
paper, stressed the fact that the simple inorganic
compound silica (silicon dioxide) could mimic in
every way the entire histologic patterning of tu-
berculosis. Silica called forth the same epithelioid
phagocytic cells as the tuberele bacillus. In both
instances the phagocytic cells might show fat
droplets. Again in both instances the phagocyte
might die and silica in excessive concentrations
could bring on necrosis identical to that seen in
advanced tuberculosis. Furthermore, he stressed
that silica is not antigenie. An injection of silica
in the silicotic animals produced exactly the same
reaction as in normal controls. Finally, he pointed
out the singular feature that the rate of reaction
of the body to quartz is inversely proportional
to the size of the particle. A 2.5 gram gross crystal
of quartz, implanted in the subcutaneous tissue
of a guinea pig, called forth no response in a
year, whereas small particles might elicit rapid
responses.
More recently, Polieard, Collet and Giltaire-
Ralyte (15) have published beautiful electron-
micrographs of the cellular response in rats to
silica particles (1—3 micra). The particles within
the phagocytes can be clearly discerned. In
another study, Gedigh and Pioch (16) have pre-
sented an interesting detailed account of the histo-
chemistry of silica granulomas in mice. Among
the many findings one learns that Schiff reactive
granules abound in the phagocytes and the silica
ash stains metaehromatically with toluidine blue.
Only one investigator, Refvem (17) appears to
have made a study of the effects of intradermal
injections of silica in man. In an exhaustive study
of sarcoidosis Ref vem showed that in the skin of
man large particles of quartz (80—280 micra) pro-
duced no appreciable reaction grossly or micro-
scopically. However, the injection of the very
same material in a more finely pulverized state
(5—20 micra) elicited an epithelioid tuberele. Us-
ing talc (a magnesium silicate) he also produced a
rich epithelioid response. The reaction was spe-
cific for silica since diamond dust (99% carbon)
in variable particle size (0.5—3 micra) (6—12
micra) produced no response whatsoever despite
the injection of a 1.5% suspension.
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From the above it seems evident that the silica
granuloma is a distinctive entity. It can be char-
acterized as a foreign body epithelioid granuloma
commonly developing years after an injury in
which silica or silicate is introduced into the skin.
Most authors have been content with descriptive
diagnostic accounts, but Ervin Epstein has at-
tempted to explain the peculiar pathogenesis of
this condition. He views the granuloma formation
as being preceded by three phases which may take
years:
(1) Hydrolysis of the foreign material to lib-
erate:
(2) Asymmetric crystals of silicon dioxide
which induce:
(3) A cellular sensitization reaction.
Thus he explains the infrequency of the silica
granuloma on the basis that it is allergic and the
long asymptomatie latent period by the time re-
quired for hydrolysis and induction of hypersensi-
tivity. Against the allergic concept stands the
finding of Refvem (17) that patients with silica
granuloma show a normal response to intrader-
mal silica. They show no heightened or altered
response on such a skin test and patch tests have
been equally negative.
II. What Is Silica?
For a better understanding of the pathogenesis
of the silica granuloma, it is inevitable that we
turn to the chemistry of silica. Actually the body
of knowledge concerning this compound is enor-
mous, both from the standpoint of chemistry and
biology. For here is one of the most ubiquitous
compounds on earth and here is a compound that
mysteriously—as yet—causes a most serious dis-
ease, silieosis.
The element silicon may be compared with
carbon in terms of its distribution on the earth.
It does not occur naturally as a free element, hut
as the acid element of a wide range of oxides it
makes up over half of the entire earth's crust.
Silica (silicon dioxide), the simplest form, is
known to everyone as sand. The most common
form of silica is quartz aod as such is the most
common mineral on earth. Nearly every rock con-
tains some quartz. In addition silica enters into
complex chemical combinations with numerous
other elements to form over 800 different miner-
als (18). A few common ones are given in Table I.
In addition to the chemically distinct compounds,
innumerable minerals or rocks owe their charac-
teristics to impurities or inclusions which ap-
peared when the igneous rocks were still in a
swirling molten state. Indeed few minerals have
compositions which can be expressed by simple
empirical formulas like that of quartz (5i02).
The silicate materials may be grouped in a
fashion to show certain basic chemical relation-
ships. The first and simplest group comprises the
Quartz
Tridymite
Cristobalite
Opal
Orthoclase
Albite
Anorthite
Leucite
Stilbite
Tale
Kaolinite
Muscovite (mica)
Hornblende
Tourmaline
Beryl
Hemimorphite
Zircon
8i02
Si02
Si02
Si02n 1120
KA1Si2O8
NaAlSi2O8
CaAI2Si2O6
KA1Si2O6
(Ca, Na, K)2A15(Al, Si)Si2404o•30H20
Mg2Si4Oi 0(011)2
A128i205(0H)4
KA12Si2O22(OH)o
Ca2Na(Mg, Fe"),(Al, Fe", Ti) 28i 6022(0, 011)2
WX2B2A12(AlSi2O,)2(0, 011, F)4
Be2A12Si 6018
Zn4SioO7 (OH)2 1120
ZrSiO4
TABLE I
Representative silicate materials*
In all instances, the fundamental motif of structure is the Si04 tetrahedron made up of a silicon
atom in the center and oxygen atoms at the four corners.
* Entire listing would be over 800 or over 25% of all the known minerals of the earth.
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various forms of silica. Here one finds all of the
forms of the simple oxides. In a second major
group (feldspar) the silicates of aluminum have
formed compounds with potassium, sodium, cal-
cium and barium. The feldspathoid group is simi-
lar, but these form in rocks rich in alkalies and
deficient in silica. Finally the zeolite family is
composed of hydrous silicates of aluminum with
sodium and calcium. The name zeolite comes
from the Greek words for "boiling stone", arising
from the fact that water can be easily driven off
these stones. Talc, kaolinite, and mica all belong
to still another group distinctive for its sheet
structure. Here, each Si04 tetrahedron shares
three oxygen ions with other tetrahedrons. Horn-
blende is a member of an interesting group in
which the same tetrahedrons line up in chain
fashion to share two oxygen ions. Ring structures
(beryl) and double tetrahedral structures (hemi-
morphite) are also known. Finally, the silica
tetrahedrons may be joined by cations rather
than oxygen (zircon).
It is apparent from this brief review that sili-
cates may differ in every possible physical and
chemical way. Thus they may vary from the soft-
ness of talc to the hardness of quartz and topaz,
from the solubility of sodium silicate to insolubil-
ity of silica, and from the crystalline beauty of
certain quartzes to the amorphous garnierite (a
hydrous nickel-magnesium silicate). It should be
noted that it is the specific crystalline structure
of quartz which makes it an important piezoclec-
tric mineral. Quartz crystallizes without a sym-
metry center, and for this reason may produce a
faint electrical charge whenever slight pressure is
exerted on it.
With whole mountain ranges made up of com-
plexes of the silicates it is important to know that
simple silica still remains the least common de-
nominator. Many of the physical and chemical
changes which rocks undergo lead to the ultimate
liberation of silica. Thus King and Belt (19), in
their comprehensive review on the physiological
and pathological aspects of silica, point out that
weathering of minerals such as the common or-
thoclase is characterized by liberation of colloidal
silica. The potassium ion is removed by CO2 as
KHCO3 and a residual clay of aluminum silicate
remains. Many fine monographs outline the proc-
ess in more detail. We have referred especially to
Trcfcthcn (20) and Grim (21). The weathering of
rocks may be defined as the processes of disinte-
gration and decay resulting from both meehan-
ical and chemical influences. The part of the proc-
ess resulting from mechanical forces involves a
simple reduction in particle size. Thus the classic
sequence is from gravel (over 2 mm.), to sand
(0.05—2mm.), to silt (0.005—0.05mm.) and finally
to clay (below 0.005 mm.).
The process of chemical weathering deserves a
closer inspection since this occurs in any foreign
silicious material whether introduced into the skin
or lying on the hillside. Trefethen (20) lists the
chief types of chemical weathering in geology:
oxidation
hydration
carbonation
solution
As a result of these four changes, colloidal silica
is released from the silicate mineral. The following
six chemical formulations may aid in perceiving
the directions such chemical weathering may
take, although they do not accurately portray
the complexity of such changes.
2KAISi,08 + CO2 + 21120
(Orthoclase)
= H4A12Si2O9 + 4SiO2 + K2C03
(Kaolinite)
3KA1Si3O8 + CO2 + H20
(Orthoclase)
= KH2A13Si3O12 + GSiO2 + K2C02
(Muscovite)
2Na AlSi3O3 + CO2 + 21120
(Albite)
= H4AI2Si2O9 + 4SiO2 + Na2CO3
(TCaolinite)
3NaA1Si3O8 + CO2 + 1120
(Albite)
= NaH2A13Si3O,2 + 6SiO2 + Na2CO3
(Paragonite (mica))
6H2K2Mg2FeA14Si6O24 + 2OCaCO3 + 4C02 + 30
(Biotite)
=2(H2Ca,oAli2Fe2Si,5065) + 6Si02 + 18MgCO3 +
(Epidote)
6MgFeSiO4 + 41120 +02
(Olivine)
6K2C02 + 1120
= 2114Mg2Si2O9 + 2Fe3O4 + 2Si02
(Serpentine) (Magnetite)
In every instance, colloidal silica is formed.
Finally it should be pointed out that every min-
eral has its own potential for such weathering
changes. The basic minerals are the most suscep-
tible and muscovite the least susceptible to such
chemical alteration.
Many factors of the milieu such as pH, tem-
perature, hydration, and chemical composition
enter the picture, but geologists would rate these
common rocks on the following general scale of
susceptibility to chemical weathering.
Most susceptible to chemical weathering:
Olivine
Lime Feldspar
Pyroxene
Amphibole
Soda Feldspar
Biotite
Potash Feldspar
Muscovite
Least susceptible to chemical weathering:
Quartz
In describing the end products of such rock dis-
integration, we have stressed the appearance of
colloidal silica. It is this colloidal silica which is
the central theme of our paper. What is colloidal
silica? The answer takes us back to the very
foundations of colloidal chemistry. It was in 1861
that Graham made his classic investigations of
the colloidal state of matter using silica. Ever
since then chemists have realized that an out-
standing characteristic of the silica-water system
is its ability to form colloidal solutions. Graham
used the word eolloid (Greek, glue) to characterize
a physicochemical state of matter in which the
particles were not in true solution but rather in a
stable dispersion which under certain conditions
could gel (Figure 1) or form jelly-like aggregates.
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FIG. 1. Colloidal silica particles as viewed under electron microscopy. This demonstrates that the
particles are not in true molecular solution, yet they are below the limits of resolution for the light
microscope. Intradermal injection of a 1% solution of these particles invariably lead to local granuloma
formation. Electron mierograph (50,000 X) of Ludox® solution courtesy of E. I. du Pont de Nemours
and Company, Wilmington, Delaware.
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that a variety of uncharacterized silicious min-
erals introduced into the skin may produce a for-
eign body epithelioid granuloma, hut only after
a long latent period of many years. Many of these
minerals are known to undergo slow chemical
weathering in nature with the release of silica in
the colloidal size range (1—100 mu). In view of the
fact that our previous research (24) had indi-
cated that local colloid production may lead to
local granuloma formation, we decided to explore
the possibility that the pathogenesis of silica
granuloma might be a colloidal phenomenon.
EXPERIMENTAL METHODS
An enormous amount of study of the colloidal
silica state has evolved and the reader is referred
to two excellent comprehensive monographs, one
by Eitel (22), another by Tier (23).
Colloidal silica is silica which is dispersed in a
particle size of from 1 mu to 100 mu (Figure 1).
Thus it is not silica in true molecular solution
(particles less than 1 mu), nor is it a gross suspen-
sion of silica particles in a size above 100 mu. It
is silica so finely dispersed as to pass through filter
paper and to be invisible under the light micro-
scope, but yet not be in true solution. The term
colloidal designates the size and shape of the silica
rather than its chemical formulation.
Colloidal silica is available in varying sized
micelles and at concentrations of up to 30%.
These micelles have a negative charge and in the
presence of electrolytes may form a gel, i.e., a
rigid system in which the water is trapped within
the micelles (Figure 2). One molecule of silica
may then hold as many as 40 molecules of water.
All of the polyvalent cation salts of silica are
insoluble, but sodium silicate (Si4OsNa2) has long
been known to be soluble. This is the "water
glass" of commerce and it is significant that it is
an alkaline complex containing some colloidal
silica. Reducing the pH toward acidity leads to
the formation of a silica gel system.
In summary then, the literature review reveals
All studies were done on young healthy White
and Negro male volunteers. Various forms of
silica were injected intradermally on the trunk
and forearm and, after varying time periods,
biopsies obtained for serial section and histologic
study, for chemical analysis, and for microin-
cineration-acid digestion studies (25). None of the
materials were injected subcutaneously in view
of the great difficulty of dissociating primary
granuloma formation from secondary granuloma
following release of fatty acids and soaps from
the fat (24). The following materials were in-
jected each into 10 men intradermally in the
amounts of 0.05 ml.:
Sand, commercial, fine
Silicic Acid
Silica gel powder
Magnesium silicate
(asbestos)
Sodium silicate
(A part of this system is in colloidal state.)
Colloidal silica* 0.01, 0.1, 1% concen-
(Figure 1) trations
Ludox LS (Stock solution at pH 8.4, concentra-
tion 30%, particle size 15 mu)
Ludox SM (Stock solution at pH 8.5, concen-
tration 15%, particle size 7 mu)
Both of these preparations contain discrete
uniform spheres of negatively-charged silica and
are prepared by a patented process. This involves
dc-ionization of sodium silicate to produce a
solution of silica nuclei which under the carefully
controlled addition of amorphous silica grow to
the desired size. The negative charge arises from
the addition of alkali.
RESULTS
In no instance did the insoluble sand, silicic
acid, or silica gel produce a palpable response in
* Courtesy of E. I. DuPont do Nemours and
Company, Wilmington, Delaware.
FIG. 2. Demonstration of gel formation in
colloidal silica (Ludox®) solution upon addition of
electrolytes. Here the addition of sodium chloride
caused tbe silica solution in the lower tube to set
to a firm white gel in a short time. The free flowing
control solution of colloidal silica is shown in the
npper tube. The charge of the ions of any salt
may interfere with the protective negative charge
on the silica particles, and allows them to orient
into a gel structure. It is significant that the sub-
microscopic particles of Figure 1 arc now able to
bind and set an enormous amount of water.
1% suspension in saline
1% suspension in saline
1% suspension in saline
1% suspension in saline
1% solution
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the skin as observed at 1, 2 and 4 weeks. Biopsy
studies of a few representative injection sites re-
vealed no appreciable cpithelioid response.
Six of the ten men receiving the intradermal
injections of magnesium silicate (1% suspension
asbestos) showed a varying papular response.
This persisted well beyond one month, but then
slowly disappeared completely. Histologic exam-
ination revealed the asbestos threads, giant cell
and epithelioid cell response which developed
(Figures 9, 10, 11). This is the classic foreign body
response to asbestos (26). Only after micro-incin-
eration and acid treatment of the section (Figure
12), however, can one realize the large amount of
silicate the body has to eliminate.
The ten men who received the intradermal in-
jection of sodium silicate solution all showed an
inflammatory reaction. Following ulceration a
persistent papule remained for over a month.
Biopsy revealed patchy granulomatous response
(Figure 8).
Colloidal silica (Ludox LS®) was most inten-
sively studied. Using a group of ten men, it was
found that none of the subjects showed a gross
response to the Ludox LS diluted out to 1/10,000.
However, at 1/1,000, six of the ten men showed a
small papular response. This was observed to per-
sist over a period of six weeks, but then disap-
peared so that at three months the injection sites
could not be palpated.
In a final dilution of 1/100, colloidal silica pro-
duced a definite palpable response in every sub-
ject. Initially this was a tender inflammatory
papule, but over a period of weeks it lost its
erythematous hue, remaining a firm, mildly pig-
mented, non-tender papule. These ten subjects,
plus an additional group of ten who received a
similar injection of 1/100 colloidal silica, were re-
peatedly checked over a period of eight months.
During the latter part of this observation period,
most of the lesions completely disappeared so that
at eight months only two of the original papules
remained in full evidence. In the others, the le-
sions underwent spontaneous involution without
trace. Studies with the smaller colloidal particle
(Ludox SM) gave essentially the same results.
Finally, a histologic time-response study was
set up to show the sequence of events following
injection of a 1% colloidal silica solution. Serial
biopsy studies revealed that even at 24-hours oc-
casional epithelioid cells may be seen in the mixed
inflammatory response seen to injected colloidal
silica. By three days a mixed round cell and pha-
gocytic response was seen (Figure 3). At ten days,
this had differentiated into an epithelioid sarcoid
type reaction (Figure 4). The fully developed
sarcoid patterning was seen at two months (Fig-
ure 5). It is important to note that the presence
of colloidal silica may not be identified by the
presence of giant cells or doubly refractile bodies
as in the asbestos silicate granuloma (Figures 9,
10). The only evidence of the persistence of the
colloidal silica, other than the pure epithelioid re-
sponse, was the finding of a mineral ash whieb
persisted despite micro-incineration at 600° C for
90 minutes (Figure 6) and the further addition of
concentrated HCI for 30 minutes (Figure 7).
DIsCUSSION
Our study in man has demonstrated that silica
in a non-colloidal form does not elicit an epithe-
lioid granuloma. Even the use of a suspension of
silica gel (which is a powder obtained from drying
a colloidal gel of silica) did not elicit a response.
In all our acute experiments the large particles of
sand remained in the skin completely ignored by
the reticulo-endothelial system.
Conversely, however, all three forms of col-
loidal silica used in concentrations of 1/1,000 or
greater invariably produced an epithelioid re-
sponse. This suggests that the colloidal state is a
necessary stimulus for this type of epithelioid
granuloma response. Magnesium silicate (asbes-
tos) remains an intermediary form in that it is
rapidly converted in part to the colloidal state.
The long asbestos fibers seen in Figure 9 break
down into fine colloidal particles which in turn
elicit peripheral epithelioid responses. Figure 11
taken by itself has no suggestion of a foreign body
reaction.
Looking more closely we can perceive that
large particles of foreign silica such as sand arc not
immediately susceptible to the cellular and hu-
moral responses of the body. Conversely, the in-
jection of molecularly soluble innocuous materials
into the skin is essentially an intralymphatic in-
jection in which nearly all of the material is rap-
idly flushed away. In the colloidal state a twilight
state of solubility exists and, because the particles
are not in true solution, they are susceptible to
other influences. In our specific instance, colloidal
silica rapidly gels in the presence of serum, elec-
trolytes or lowering of the pH. This was demon-
strable in test tube experiments (Figure 2) and
presumably such colloidal gelling takes place in
the skin upon injecting the colloid silica. Thus we
FIG. 3. Colloidal silica granuloma at three days. Note round cell and phagocytic activity following
intradermal injection of 1% colloidal silica Ludox® LS. Magnification 300 X.
FIG. 4. Colloidal silica granulon'ta at ten days. Histiocytes are arranged in sheets and are appearing as
epithelioid cells. This is to be compared with Figures 3 and 5. Magnification 300 X.
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FIG. 5. Colloidal silica gianuloma at two months. This is the same subject as in Figures 8 and 9. Here
a typical sarcoid reaction is present. There is no evidence of a foreign body until micro-incineration is
done (Figure 6). Magnification 300 X.
FIG. 6. Colloidal silica granuloma at two months after micro-incineration (90' at 6000 C.). Here the
mineral ash reflects oblique light. Note that the particles you are viewing are not colloidal but large
precipitates presumably formed in ashing. One cannot suspect silica until additional treatment is done
with strong acids. Magnification 300 X.
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FIG. 7. Colloidal silica granuloma at two months after micro-incineration and treatment with hydrochloric
acid. This is strong evidence for presence of silica in tissue. Note that none of this silica could be dis-
cerned in the regular staining in Figure 5.
FIG. 8. Sodium silicate Patchy epithelioid granulomas followed the intradermal injection
of the soluble sodium salt of silicate (1%). Here the injectant contained a variable amount of colloidal
silica. Magnification 300 X.
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FIG. 9. Asbestos granuloma experimentally produced by the intradermal injection of a 1% suspension
of magnesium silicate six weeks prior to biopsy. To the left is seen the damaged corium with many semi-
visible refractile rods of asbestos. The epithelioid response on the right is seen at the edge of the asbes-
tos mass. It is at this point that colloidal silica is eliciting a reticuloendot.helial response. Note the short
latent period for asbestos. Magnification 300 X.
FIG. 10. Asbestos spicules in foreign body giant cell of granuloma. Giant cells may surround silicate
particles above the colloidal size range. The true colloidal particle is invisible and elicits the epithelioid
cell. Magnification 947 X.
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Fso. 11. Asbestos granuloma showing field of sarcoid reaction. Here the foreign material is not in evi-
dence, but can be revealed by micro-incineration and acid treatment (see Figure 12). Magnification
300 X.
Fia. 12. Asbestos granulonie showing residual silica ash after micro-incineration and strong acid treat-
ment. These particles are to a large part inapparent in the H. & E. section (Figure 5). Here they reflect
oblique light. Magnification 300 X.
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Fio. 13. Sketch of colloidization of siliceous mineral. Adapted from Trefethen (20) this schematic
drawing shows the progressive decrease in particle size which occurs geologically in chemical weathering.
This same process is occurring in the skin.
visualize much of the silica trapped intradermally
in a colloidal state. Other forms of local binding
may take place, but it is not complete since at
least some of the silica reaches the local lymph
nodes. Tn ally event, it is local silica (Figure 12)
which calls forth the epithelioid response and
hence the palpable granuloma. Thus, the trapped
silica is apparently acting exactly like the stearate
mass in our previous experiments (24). Both are
in a sense "eolloid generators".
How does this explain the pathogenesis of the
clinical silica granuloma? It is our view that any
foreign large particle of silicous material sub-
jected over a period of years to the constant chem-
ical action of the tissue fluids undergoes changes
exactly analogous to those described in geologic
weathering (Figure 13). Hydration, ion exchange,
oxidation and release of colloidal silica all are
described and formulated in our introductory
review to this paper. It seems apparent to us that
such chemical weathering may take place in any
mineral in the skin even more rapidly than on the
earth's surface. It is known that geologic weather-
ing proceeds more rapidly in a well-hydrated en-
vironment, as in a stream or in a region with
heavy rainfall. Such a milieu is readily provided in
the tissues by the interstitial fluid and serum.
Once a critical rate of release of colloidal silica is
reached, granuloma formation begins and, as ob-
served clinically, continues over a period of
months until all of the silica is ingested. Then over
a period of years spontaneous involution may oc-
cur as silica is slowly metabolized and eliminated,
possibly as soluble mueo-polysaecharide com-
plexes.
It can be appreciated that the many clinical
differences noted in silica granulomas can be ex-
plained on the basis of differences both in the
mineral deposited in the skin and in the individ-
ual. Larger particle size, the presence of alumi-
num, a greater percentage of quartz, could all be
expected to prolong the latent period. Parenthet-
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ically, the difficulties of any literary search in this
area are compounded by the many names under
which the silica granuloma may be listed. A few
common examples are:
Kieselguhr
mica
quartz
Tripoli powder
On the side of individual differences, a tissue
fluid of lower pH, a more rapid local circulation,
or local trauma might all be expected to shorten
the latent period before granuloma formation. A
fibrotic wall about the material, conversely, might
delay local colloid production.
The remarks we have made regarding the silica
granuloma have special pertinence to the tattoo
granuloma problem since here silica-containing
minerals are knowingly introduced for cosmetic
purposes. Also the delayed sandpaper abrasion
granulomas are of a similar pathogenesis. Indeed,
the ubiquity of silica makes it necessary to con-
sider it in the etiology of any granuloma. It is
important to note that silica granulomas are not
necessarily associated with the classic signs of
foreign body reactions, viz, foreign refractile ma-
terial and giant cells. If the silica was or had be-
come colloidal only the microincinerator-acid
studies will disclose its presence. A comparison of
Figures 10 and 12 should convince one of the
necessity of such studies in any sarcoid granuloma
of unknown etiology. Refvem's studies (17) would
suggest that silica may enter into the pathogene-
sis of certain specific eases of sarcoidosis.
Can any other metal produce this colloidal
granuloma phenomenon? Presumably another
might, although silica may well be unique in this
respect since it so often "spontaneously" goes
over into the colloidal state. Chemists can pro-
duce colloidal particles of essentially all metals,
but often only in dilute concentrations which
would not elicit a granuloma. Furthermore, many
would be so toxic as to elicit other forms of chronic
inflammation. However, we have preliminary
data on the response to intradermal injections of
colloidal zirconium oxidet in man. Interestingly,
this colloid regularly produces a chronic granulo-
matous response, but it is not epithelioid. The
clusters of phagocytic cells can be seen to be filled
with numerous large foreign particles.
* Courtesy of E. I. DuPont de Nemours and
Company, Wilmington, Delaware.
Although theoretically silica granulomas might
develop as a result of an allergic process, we find
no evidence for this. No one has found evidence
of an allergic reaction to intradermal or patch
tests with silica in the patient with silica gran-
ulomas (8, 17). Certainly in all of our experimen-
tal subjects with true proven silica granulomas,
none showed any evidence of an allergy to silica.
Skin tests to silica in true molecular solution (0.5
mu particles, 1/10,000 concentration) failed to
produce any reaction. Such a concentration is
actually higher than that which is required to
demonstrate the hypersensitive state in the ease
of the allergic zirconium granuloma.
Another theory of the pathogenesis of silica
granuloma formation has invoked the piezo-elec-
tric effect. Again we find no experimental or
theoretic evidence that such an electrical phenoin-
enon will induce biologic changes of this nature
(27).
In summary, we have experimentally repro-
duced the clinical silica granuloma in man and
found that the eliciting agent is actually silica in
the colloidal state. It is our finding that silica
granuloma arises as a non-allergic colloidal phe-
nomenon similar to that responsible for the stear-
ate granuloma (24). Table II presents an abstract
of the salient features of epithelioid granulomas,
showing experimental prototypes of both the al-
lergic and non-allergic types.
CONCLUSION
(1) Experimental epithelioid silica granulomas
can be produced regularly in any individual hy
the intradermal injection of colloidal silica in a
concentration of 1 %.
(2) This is a phenomenon which is dependent
upon the colloidal nature of the silica in the pro-
duction of this reticulo-endothelial response. The
process of allergic sensitization is not operative
in this reaction.
(3) Evidence is adduced to show that silica
granulomas may arise clinically as the result of
"colloidalization" of certain foreign silicate mm-
eral.
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DISCUSSION
Da. ROHEET D. GRIE5EMEE (Boston, Mass.): I
just wanted to ask if there were any other materi-
als in the colloidal silica solution that might have
contributed to this, such as beryllium.
Da. K. H. BURDIcK (Cleveland, Ohio): Some
years ago I was associated with a group of ceramic
engineers who were interested in the problem of
silicosis. They felt the chemical and physieo-
chemical properties of the various silicons they
were working with did not adequately explain the
reason why some of these groups seemed to induce
silieosis in the lung readily, and the others failed
to produce it at all. They finally suggested that
the silicon compounds which did induce silicosis
readily contained piezo-elcctrie qualities, as these
were in reality miniature crystals, and that the
movement of the lung induced an electrical field,
which in turn might stimulate the pathologic
picture. I believe this work was first done in
England by subjecting animals to alternating
electric fields, after imbedding silicon granules.
The granulomas were produced rather quickly
under these experimental conditions. I wonder if
you have any information available on the piezo-
electric qualities of the material used in this ex-
periment.
Da. JosEPH BENINSON (Detroit, Michigan):
Most of my thunder has been stolen by the pre-
ceding speaker. The greater the asymmetry of
the crystal involved, the greater is the piezo-elec-
tric effect observed.
I wanted to ask whether he had been thinking
about the pathogenesis involved here; the fact
that he found these small particles inside the
giant cells is also in keeping with this idea. If we
go back in our thinking it is a rather intriguing
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concept that some of the giant cells encountered
in such processes as for example tuberculosis may
be associated with asymmetric crystals formed
from the breakdown of the tuberele's lipoprotein
or some change induced in the body lipids by this
disease process.
DR. MARION B. SULZBERGER (New York,
N. Y.): I am sure I will not get into any argument
with Dr. Kligman when I say this paper is just as
beautiful as Dr. Stoughton's paper. I would like
to make the comment that while I believe with
the presenters that in all probability these reac-
tions arc not based on immunologic phenomena or
allergic reactions, I think the fact that 100% of
the individuals will react in this manner is not
conclusive proof of that.
You all know that with the allergenic crystals
Karrcr made from primrose, Bruno Bloch was
able to sensitize approaching 100%. That was an
allergic phenomenon. There probably arc aller-
gens, i.e. immunologically active sensitizing
agents which, given proper exposure, will sensi-
tize and produce an allergic reaction in 100% of
those exposed. So that 100% of those exposed
showing reaction is not sufficient evidence for
ruling out the allergic nature of these reactions.
The evidence must be on another basis. I won't
here go into all of the details required to prove
that a given reaction is not an allergic one, but
will restate the fact that although it is not proved,
I too believe that these reactions demonstrated
by Hurlcy and Shelley arc not allergic phenomena
but primary non-allergic ones.
I would like to ask the presenters whether they
think it possible, (and this has relationship to
what the previous discusscrs have just said) that
the sarcoid structures and tubcrculoid structures
produced by microorganisms or their products
such as the tuberclc bacilli, lcpra bacilli, tubercu-
lin, lcpromin, etc. arc based upon similar effects
as those they have demonstrated here? Is it pos-
sible that such effects upon the bacilli or their
products, or the products produced by the bacilli
in the tissues or combinations of these could lead
to gel formations fixing these agents there—and
thus finally to the granulomas?
Dn. HERMAN BEERMAN (Philadelphia, Penna.):
As long as we arc commenting on the beautiful
presentations, I hope Dr. Hurley will not mind if
I call attention to a clinical paper on silica gran-
uloma which I think has been the stimulus for
much of the work in this field, namely, that of
Ervin Epstein. I have a feeling that some of the
things which he stated in this study have been
borne out by your experimental results.
DR. A. L. DE WEeK (St. Louis, Missouri): In
connection with this interesting presentation on
silicon granulomata, I would like to mention simi-
lar experiments we recently performed in Geneva
in a study of the pathological effects of the vari-
ous components of Frcund's adjuvant. A fraction
of Mycobacterium tuberculosis, which is soluble in
paraffin oil, induces granulomata but does not in-
duce a tuberculin-type hypersensitivity. There-
fore, this fraction induces apparently non allergic
granulomata. But, unlike what happens with the
silicon granuloma, this substance does not remain
at the place of injection and induces new gran-
ulomata at very distant points. The difference in
solubilitics could possibly account for the differ-
ence in spreading of these two types of non-aller-
gic granulomata.
DR. HARRY J. HUELEY (in closing): I certainly
found the comments very stimulating.
In regard to Dr. Gricsemcr's question about
foreign materials, we did have the injection prep-
arations analyzed spcctromctrically. Beryllium
was absent.
We were well aware of Evans and Zcit's paper
on the importance of the piczoclcctric effect in
certain tissue reactions. However, the primary
effect or reaction presumed to be induced by the
piczoclcctric effect is fibrogcnic rather than gran-
ulomagenic. We found no evidence which indi-
cated that such a mechanism was operative in the
pathogcncsis of the silica granulomas.
Dr. Sulzbcrgcr's remarks in consideration of
allergy in the production of the silica granulomas
were well made. Dr. Ervin Epstein, in his fine
paper on the subject (Arch. Dcrmat. 71: 24,
1955), was convinced that allergic sensitization
was important in the pathogcncsis of these gran-
ulomas. However, the weight of the evidence de-
rived from our studies leads us to conclude that
allergy is not of importance in the development
of these granulomas. In this regard the silica
granuloma may be sharply contrasted with the
zirconium granuloma which does develop as a
result of allergic hypersensitivity.
I have no information concerning the possible
importance of "weathering" of the tuberclc bacil-
lus in tissue in the production of cpithclioid gran-
ulomas of tuberculosis.
